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Introduction {#anie201914061-sec-0001}
============

The development of improved methods for the efficient construction of multiple carbon--carbon and/or carbon--heteroatom bonds in one synthetic operation is of great interest. In this context, the potential of multi‐component reactions (MCRs) as a tool to increase efficiency, productivity, reduce costs, and decrease the environmental impact has been long recognized.[1](#anie201914061-bib-0001){ref-type="ref"} Furthermore, multi‐component reactions are highly attractive as they allow the assembly of complex structures starting from simple starting materials. The feasibility of MCRs in the functionalization of carbon--carbon triple bonds, which are ubiquitous in organic compounds, has been confirmed especially in the synthesis of heterocycles.[2](#anie201914061-bib-0002){ref-type="ref"} In contrast, the application of MCRs to the dicarbofunctionalization of readily accessible terminal alkynes, affording structurally defined multi‐substituted alkenes, has been rarely realized.[3](#anie201914061-bib-0003){ref-type="ref"} Moreover, alternative protocols require the use of organo‐metal species and multistep transformations.[4](#anie201914061-bib-0004){ref-type="ref"} Therefore, it is desirable to develop general, efficient, and practical protocols for the dicarbofunctionalization of terminal alkynes.[5](#anie201914061-bib-0005){ref-type="ref"}

In addition to dicarbofunctionalization, the hydrocarbofunctionalization of terminal alkynes is a fundamental transformation leading to valuable substituted alkene products. While the hydroarylation of terminal alkynes has been established,[6](#anie201914061-bib-0006){ref-type="ref"} hydroalkylation is rare.[7](#anie201914061-bib-0007){ref-type="ref"} Thus, the development of general, efficient, and practical protocols for the hydroalkylation of terminal alkynes would be an important advancement.

Recently, photo‐mediated transition‐metal catalysis has emerged as a powerful method in organic synthesis.[8](#anie201914061-bib-0008){ref-type="ref"} In particular, photoredox/nickel dual catalysis shows advantages and important products have been afforded by using this strategy.[9](#anie201914061-bib-0009){ref-type="ref"} Notably, photoredox/nickel dual catalysis has recently found application in the hydroalkylation of terminal and internal alkynes.[10](#anie201914061-bib-0010){ref-type="ref"}, [11](#anie201914061-bib-0011){ref-type="ref"} Considerable progress has been made by the Wu group to realize the hydroalkylation of internal alkynes with ether and amide C(sp^3^)−H bonds with high selectivity.[10](#anie201914061-bib-0010){ref-type="ref"} During the course of this work, a decarboxylative hydroalkylation of aliphatic alkynes with alkyl carboxylic acids was achieved, giving the corresponding product in Markovnikov regioselectivity.[11](#anie201914061-bib-0011){ref-type="ref"} However, protocols for the hydroalkylation of alkynes, especially with the opposite regioselectivity, are still lacking.

Despite the significant progress made in photoredox and transition‐metal dual‐catalyzed two‐component cross‐coupling reactions, less is known about challenging multi‐component cross‐couplings via this dual catalysis. Considering the great significance of the one‐pot difunctionalization of alkynes, we herein report a photoredox/nickel dual‐catalyzed anti‐Markovnikov‐type hydroalkylation of alkynes as well as the one‐pot arylalkylation of alkynes with alkyl carboxylic acids and aryl bromides via three‐component cross‐coupling under mild conditions (Scheme [1](#anie201914061-fig-5001){ref-type="fig"}). A wide range of disubstituted and trisubstituted olefin products have been accessed in a *syn*‐addition manner, which is difficult to achieve using traditional methods. This protocol features the utilization of feedstock starting materials, mild reaction conditions, high functional‐group tolerance, complex molecular applications, successful scale‐up, and a novel mechanism involving single‐electron transfer (SET) and energy‐transfer (*E* ~T~) activation pathways.

![Photoredox/nickel dual‐catalyzed transformations involving aryl bromides, carboxylic acids, and alkynes.](ANIE-59-5738-g001){#anie201914061-fig-5001}

Results and Discussion {#anie201914061-sec-0002}
======================

We initiated our study by finding suitable conditions for the catalytic hydroalkylation of alkynes using ethynylbenzene **1 a** and Boc‐Pro‐OH **2 a** as model substrates, Cs~2~CO~3~ as base, Pc1 as photocatalyst, NiCl~2~⋅glyme as the nickel source, and DMF as solvent, which afforded the corresponding anti‐Markovnikov‐type hydroalkylation product **3 a** in 31 % yield only (Table [1](#anie201914061-tbl-0001){ref-type="table"}, entry 1). Various solvents were evaluated next, and acetonitrile was found to give a slightly higher yield and stereoselectivity (entries 2--4). When other bases were used, the reaction did not occur or took place with lower yields (entries 5--7). The photocatalyst screening revealed that Pc4 gives the product with higher stereoselectivity without decreasing the yield (entries 8--12). Several commonly used nickel catalysts were evaluated next; however, no further improvement was observed (entries 13--16). Using 10 equiv of H~2~O as an additive decreased the yield (entry 17). Finally, the best yield (72 %) was obtained after adjusting the amount of radical precursor and base, and performing the reaction in a mixture of solvents for a prolonged reaction time (entries 18 to 20). Using 10 mol % dtbbpy as ligand decreased the yield and the stereoselectivity (entry 21). Reducing the amount of carboxylic acid **2 a** to 1 equiv slightly decreased the yield (57 % yield, entry 22), while adding 2 equiv of H~2~O was beneficial for the formation of the desired product (65 % yield, entry 23). Control experiments were conducted, and no product was obtained in the absence of the nickel catalyst and photocatalyst (entries 24 and 25).

###### 

Reaction conditions for the optimization of the photoredox/nickel dual‐catalyzed hydroalkylation of alkynes. ![](ANIE-59-5738-g005.jpg "image")

  Entry^\[a\]^    Pc        \[Ni\]               Base             Solvent           Yield (%)^\[b\]^
  --------------- --------- -------------------- ---------------- ----------------- ------------------
  1               Pc1       NiCl~2~⋅glyme        Cs~2~CO~3~       DMF               31 (60:40)
  2               Pc1       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           32 (66:34)
  3               Pc1       NiCl~2~⋅glyme        Cs~2~CO~3~       DMSO              28 (60:40)
  4               Pc1       NiCl~2~⋅glyme        Cs~2~CO~3~       acetone           31 (63:37)
  5               Pc1       NiCl~2~⋅glyme        K~2~CO~3~        CH~3~CN           31 (63:37)
  6               Pc1       NiCl~2~⋅glyme        Na~2~CO~3~       CH~3~CN           16 (60:40)
  7               Pc1       NiCl~2~⋅glyme        Li~2~CO~3~       CH~3~CN           0
  8               Pc2       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           9 (71:29)
  9               Pc3       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           15 (69:31)
  10              Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           32 (73:27)
  11              Pc5       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           10 (63:37)
  12              Pc6       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           9 (60:40)
  13              Pc4       Ni(cod)~2~           Cs~2~CO~3~       CH~3~CN           24 (73:27)
  14              Pc4       NiBr~2~              Cs~2~CO~3~       CH~3~CN           23 (72:28)
  15              Pc4       Ni(acac)~2~          Cs~2~CO~3~       CH~3~CN           12 (75:15)
  16              Pc4       Ni(OAc)~2~⋅4 H~2~O   Cs~2~CO~3~       CH~3~CN           18 (74:26)
  17^\[c\]^       Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           20 (73:27)
  18^\[d\]^       Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN           45 (73:27)
  19^\[e\]^       Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN+DMF       54 (73:27)
  **20^\[f\]^**   **Pc4**   **NiCl~2~⋅glyme**    **Cs~2~CO~3~**   **CH~3~CN+DMF**   **72 (73:27)**
  21^\[f,g\]^     Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN+DMF       15 (68:32)
  22^\[h\]^       Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN+DMF       57 (73:27)
  23^\[h,i\]^     Pc4       NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN+DMF       65 (73:27)
  24^\[e\]^       Pc4       --                   Cs~2~CO~3~       CH~3~CN+DMF       0
  25^\[e\]^       --        NiCl~2~⋅glyme        Cs~2~CO~3~       CH~3~CN+DMF       0

\[a\] Reaction conditions: ethynylbenzene (0.1 mmol), Boc‐Pro‐OH (0.2 mmol), photocatalyst (0.001 mmol), \[Ni\] (0.01 mmol), base (0.2 mmol) in solvent (2.0 mL) at room temperature under irradiation with a 34 W blue LED for 12 h. \[b\] GC yield and calibrated *Z*/*E*‐ratio using (*E*)‐stilbene as internal standard. \[c\] H~2~O (10 equiv) was added. \[d\] Boc‐Pro‐OH (5 equiv) and Cs~2~CO~3~ (5 equiv) in 5 mL CH~3~CN, 24 h. \[e\] Boc‐Pro‐OH (5 equiv) and Cs~2~CO~3~ (5 equiv) in 2.5 mL CH~3~CN and 2.5 mL DMF, 24 h. \[f\] Boc‐Pro‐OH (3 equiv) and Cs~2~CO~3~ (1 equiv) in 2.5 mL CH~3~CN and 2.5 mL DMF, 48 h. \[g\] With 10 mol % dtbbpy as ligand. \[h\] Boc‐Pro‐OH (1 equiv) and Cs~2~CO~3~ (1 equiv) in 2.5 mL CH~3~CN and 2.5 mL DMF, 48 h. \[i\] H~2~O (2 equiv) was added. Pc=photocatalyst.
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With the optimized reaction conditions in hand, the scope of the alkyne hydroalkylation with respect to both reaction partners was evaluated (Table [2](#anie201914061-tbl-0002){ref-type="table"}). A series of electronically and sterically diverse terminal alkynes could be converted into the corresponding disubstituted alkenes in moderate to high yields. Although ethynylbenzenes bearing a methyl group in the *para*‐ and *meta*‐position underwent this transformation in good yields, *ortho*‐methyl‐substituted ethynylbenzene gave the corresponding product in moderate yield only, indicating that the process can be hampered by steric hindrance (**3 b**--**3 d**). Alkynes possessing electron‐donating and electron‐withdrawing functional groups such as methoxy, methylthio, fluoro, trifluoromethyl, cyano, and ester groups were all suitable substrates for this transformation (**3 f**--**3 h** and **3 j**--**3 q**). Importantly, some potentially sensitive groups such as borate ester, chloride, and even bromide were well tolerated under our reaction conditions, allowing further functionalization of the generated products **3 r**--**3 u**. Although substrates bearing electron‐withdrawing functional groups reacted with Boc‐Pro‐OH in only moderate yields (**3 n**, **3 p**, and **3 r**), good to high yields and better stereoselectivity were obtained when they reacted with a tertiary amino acid (**3 o**, **3 q**, and **3 s**). Also, product **3 v** bearing a bicyclic residue was obtained in moderate yield. Moreover, this protocol could be readily extended to estrone‐ and heterocycle‐derived alkynes. Notably, chloride and trifluoromethyl functional groups in *ortho*‐position on the phenyl residue of ethynylbenzene improved the stereoselectivity of the transformation significantly, giving pure *Z*‐isomers of the corresponding products (**3 y** and **3 z**). Notably, **3 z** was obtained as *Z*‐isomer in a good yield of 71 % when the reaction was conducted on a 2.0 mmol scale, showing the scalability and practicability of this newly developed mild hydroalkylation protocol.

###### 

Substrate scope for the photoredox/nickel dual‐catalyzed hydroalkylation of alkynes.^\[a\]^ ![](ANIE-59-5738-g007.jpg "image")

  ------------------------------------
  ![](ANIE-59-5738-g008.jpg "image")
  ------------------------------------

\[a\] Reaction conditions: alkyne (0.1 mmol), alkyl carboxylic acid (0.3 mmol), Pc4 (0.001 mmol), NiCl~2~⋅dme (0.01 mmol), Cs~2~CO~3~ (0.1 mmol) in DMF (2.5 mL) and CH~3~CN (2.5 mL) at room temperature under irradiation with a 34 W blue LED for 48 h. The values in parenthesis represent the *Z*/*E*‐ratio of the product determined by ^1^H NMR analysis. \[b\] The reaction was performed on a 2.0 mmol scale.
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Next, the scope of alkyl carboxylic acids was explored. A wide range of Boc‐protected cyclic and acyclic secondary amino acids bearing alkyl, ether, ester, and even unprotected hydroxy functionalities underwent the reaction in moderate to high yields (**4 a**--**4 g**) with excellent stereoselectivity. Boc‐protected tertiary amino acids could improve the reaction efficiency significantly, giving the corresponding products **4 h** and **4 i** with excellent yields and stereoselectivities. Also, Cbz‐protected amino acids and common alkyl carboxylic acid were suitable substrates for this reaction.

Finally, we addressed the more challenging arylalkylation of alkynes via a photoredox/nickel dual‐catalyzed three‐component cross‐coupling under mild reaction conditions. After evaluating various reaction parameters, the optimal reaction conditions were assigned as follows: Pc1 as photocatalyst, inexpensive NiBr~2~ as nickel catalyst, dtbbpy as ligand, and Cs~2~CO~3~ as base in DMF at room temperature for 12 h. We next examined the scope with respect to the three coupling partners (Table [3](#anie201914061-tbl-0003){ref-type="table"}). Aryl bromides bearing electron‐withdrawing functional groups such as ester, ketone, and cyano underwent this three‐component cross‐coupling smoothly (**6 a**--**6 c**). Bicyclic and difunctionalized aryl bromides gave the corresponding trisubstituted alkenes in good yields (**6 d** and **6 e**). Strikingly, the protocol was also applied to pharmaceutically related heterocyclic and natural‐product‐derived aryl bromides, giving the corresponding products in good yields (**6 f**--**6 h**).
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Substrate scope for the photoredox/nickel dual‐catalyzed arylalkylation of alkynes.^\[a\]^ ![](ANIE-59-5738-g009.jpg "image")

  ------------------------------------
  ![](ANIE-59-5738-g010.jpg "image")
  ------------------------------------

\[a\] Reaction conditions: aryl bromide (0.2 mmol), alkyl carboxylic acid (0.4 mmol), alkyne (0.6 mmol), Pc1 (0.002 mmol), NiBr~2~ (0.02 mmol), Cs~2~CO~3~ (0.4 mmol) in DMF (2.0 mL) at room temperature under irradiation with a 34 W blue LED for 12 h. The values in parenthesss represent the ratio of *syn*‐addition product to *anti*‐addition product determined by ^1^H NMR and NOESY analysis. \[b\] The reaction was performed on a 2.0 mmol scale.
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Regarding the scope of alkynes, electron‐rich and electron‐poor terminal alkynes were suitable for this transformation (**6 i**--**6 m**). Likewise, various Boc‐ and Cbz‐ protected cyclic and acyclic secondary amino acids, as well as a tertiary amino acid, underwent this reaction in moderate to good yields (**6 m**--**6 r**). Also, **6 c** was obtained in 57 % yield with 71:29 stereoselectivity when the reaction was performed on a 2.0 mmol scale.

To get an insight into these newly developed hydroalkylation and arylalkylation protocols, control experiments were conducted. When the reaction was conducted in deuterated acetonitrile and DMF, no deuterated product was observed (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} a). When 2 equiv D~2~O was added to the reaction, the product was generated with 80:20 H/D ratio, which may be due to the formation of CsDCO~3~ via direct or indirect H/D exchange with D~2~O (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} b,c). These results show that the hydrogen atom originates from carboxylic acids via the generation of CsHCO~3~. The isomerization efficiency for the pure *E*‐isomer in the presence of Pc4 is comparable to the model hydroalkylation reaction, indicating the crucial role of the photocatalyst in the generation of the *Z*‐isomer via an energy‐transfer process (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} d).[12](#anie201914061-bib-0012){ref-type="ref"} To gain more insight into the SET process, we first performed cyclic‐voltammetry (CV) measurements of Pc4 used in the hydroalkylation reactions (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} e). The reduction potential of the triplet excited‐state photocatalyst ^3\*^Pc4 \[*E* ~1/2~(Ir\*^III^/Ir^II^)=+1.37 V vs. SCE in CH~3~CN\][13](#anie201914061-bib-0013){ref-type="ref"} is thermodynamically favored to induce the single‐electron oxidation of deprotonated α‐amino acids (Boc‐Pro‐OCs (*E* ~1/2~=+0.95 V vs. SCE in CH~3~CN).[9e](#anie201914061-bib-0009e){ref-type="ref"} Next, steady‐state Stern--Volmer luminescence‐quenching experiments were conducted by the addition of various concentrations of substrates (**2 a** or **1 a**) to Pc4. The results show that the photocatalyst Pc4 was not quenched (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} h). However, the deprotonated **2 a** (**2 a**+Cs~2~CO~3~) quenched the photocatalyst Pc4 (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} f) and the Stern--Volmer plot displayed a linear correlation (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} h), showing the importance of the base in the generation of the alkyl radical. Additionally, a lifetime measurement of ^3\*^Pc4 using time‐resolved emission spectroscopy was also carried out. Here, a relatively stable and long‐lived ^3\*^Pc4 was observed (1127 ns, Figure S11 in the Supporting Information) which decreased monotonously with the increase in quencher concentration (**2 a**+Cs~2~CO~3~; Scheme [2](#anie201914061-fig-5002){ref-type="fig"} g). Furthermore, the slopes of the steady‐state and time‐resolved Stern--Volmer plots are very similar (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} h), indicating that the major quenching process is the dynamic quenching of excited‐state ^3\*^Pc4 by Boc‐Pro‐OCs.[14](#anie201914061-bib-0014){ref-type="ref"} Also, the electron‐transfer (ET) rate constant *k* ~ET~ was determined by plotting difference between the observed rate constant (*k* ~obs~) and the ground‐state recovery rate (*k* ~GSR~) vs. different concentrations of quencher (**2 a**+Cs~2~CO~3~). A slope of (3.12±0.12)×10^9^ L mol^−1^ s^−1^ was observed, which correlates with the ET rate constant, *k* ~ET~, for **2 a** and Pc4, while the intercept represents the backward reaction rate (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} i), which is negligible, showing that this SET process is irreversible.[15](#anie201914061-bib-0015){ref-type="ref"}

![Mechanistic investigation. a) Reaction conducted in CD~3~CN and DMF‐d^6^. b) 2 equiv D~2~O was added. c) Formation of CsDCO~3~ via direct or indirect H/D exchange with D~2~O. d) *Z*/*E*‐isomerization via energy transfer using photocatalyst Pc4. e) CV measurement of Pc4. f) Steady‐state Stern--Volmer experiment of Pc4 and Boc‐Pro‐OCs (**2 a**+Cs~2~CO~3~). g) Phosphorescence lifetimes of ^3\*^Pc4 at different concentrations of quencher (**2 a**+Cs~2~CO~3~). h) Combined quenching data of steady‐state and time‐resolved studies of Pc4. i) Stern--Volmer analysis yielded a rate constant, *k* ~ET~, of (3.12±0.12)×10^9^ L mol^−1^ s^−1^ by the SET between ^3\*^Pc4 and Boc‐Pro‐OCs (**2 a**+Cs~2~CO~3~). The backward reaction rate is negligible. j) Steady‐state Stern--Volmer quenching analysis of Pc1 in the presence of Boc‐Pro‐OCs (**2 a**+Cs~2~CO~3~), phenylacetylene **1 a** or *p*‐bromoacetophenone **5 i**.](ANIE-59-5738-g002){#anie201914061-fig-5002}

Furthermore, a steady‐state quenching experiment showed that the photocatalyst Pc1 used in arylalkylation reactions was quenched by Boc‐Pro‐OCs, while it was not quenched by phenylacetylene **1 a** and *p*‐bromoacetophenone **5 i** (Scheme [2](#anie201914061-fig-5002){ref-type="fig"} j). Based on these results, mechanisms for the photoredox/nickel dual‐catalyzed hydroalkylation and arylalkylation of alkynes are proposed (Scheme [3](#anie201914061-fig-5003){ref-type="fig"} a,b). First, the Ir^III^ complex absorbs visible light and forms a long‐lived triplet excited state \*Ir^III^ complex.[8b](#anie201914061-bib-0008b){ref-type="ref"} Oxidation of the carboxylic acid by the \*Ir^III^ complex and subsequent CO~2~ extrusion generates the alkyl radical intermediate **7**,[9e](#anie201914061-bib-0009e){ref-type="ref"} which is trapped by the Ni^I^ complex **8** to afford Ni^II^ intermediate **9**. Reduction of **9** by the Ir^II^ reductant gives Ni^I^ intermediate **10**, which undergoes 1,2‐migratory alkyne insertion to form Ni^I^ intermediate **11**.[11](#anie201914061-bib-0011){ref-type="ref"}, [16](#anie201914061-bib-0016){ref-type="ref"} For the hydroalkylation process, protonation of **11** via intermediate **12** generates the *E*‐isomer **13** (concerted protonation demetallation, CPD) along with the formation of Ni^I^ complex **8**.[17](#anie201914061-bib-0017){ref-type="ref"} Next, the *Z*‐isomer **15** is obtained via intermediate **14** from the *E*‐isomer **13** through an energy‐transfer pathway (Scheme [3](#anie201914061-fig-5003){ref-type="fig"} a).[3c](#anie201914061-bib-0003c){ref-type="ref"} Likewise, for arylalkylation, the generated Ni^I^ intermediate **19** undergoes the oxidative addition of an aryl halide to give intermediate **20**, followed by reductive elimination to deliver the *anti*‐addition three‐component coupling product **21**. At last, the *syn*‐addition three‐component coupling product **22** is obtained via the energy‐transfer pathway (Scheme [3](#anie201914061-fig-5003){ref-type="fig"} b).[3c](#anie201914061-bib-0003c){ref-type="ref"}

![Proposed mechanism for the photoredox/nickel dual‐catalyzed a) hydroalkylation and b) arylalkylation of alkynes.](ANIE-59-5738-g003){#anie201914061-fig-5003}

Furthermore, DFT calculations for the migratory‐insertion and the concerted protonation--demetallation steps were conducted to rationalize and support the proposed mechanism (Scheme [4](#anie201914061-fig-5004){ref-type="fig"} a). As a model reaction, we investigated the cross‐coupling between phenylacetylene **1 a** and Boc‐Pro‐OH **2 a**. The migratory insertion step commenced with the coordination of phenylacetylene to the active alkyl‐Ni^I^ catalyst A, forming the intermediate complex B. Next, the alkyl group at the nickel center migrates to the terminal carbon atom of the alkyne to generate the Ni^I^ intermediate C via the transition state B‐TS with an energy barrier of only 6.3 kcal mol^−1^. In the next step, CsHCO~3~ coordinates to the formed Ni^I^ intermediate C to give Ni^I^ complex D, followed by the concerted protonation--demetallation to form the Ni^I^ intermediate E via the transition state D‐TS. Finally, the product is liberated along with the formation of the Ni^I^ complex F with a free energy gain of 10.4 kcal mol^−1^. Alternatively, the pathway in which the alkyl group at the nickel center migrates to the internal carbon atom of the alkyne was also calculated. The energy barrier of this pathway is 16.8 kcal mol^−1^ (B‐TS′), which is highly unfavorable compared the 6.3 kcal mol^−1^ of B‐TS. Additionally, the migratory insertion of the alkyne at the Ni^II^ center was calculated, which also shows *anti*‐Markovnikov regioselectivity; however, the energy barrier is considerably higher (Figure S13). To further explain the regioselectivity of the migratory insertion step, wavefunction analysis was conducted to calculate the ADCH (atomic‐dipole‐moment‐corrected Hirshfeld) atomic charge[18](#anie201914061-bib-0018){ref-type="ref"} of the C(sp)‐carbon atoms C1 and C2 in the transition states B‐TS and B‐TS′ (Scheme [4](#anie201914061-fig-5004){ref-type="fig"} b).[19](#anie201914061-bib-0019){ref-type="ref"} The results show that in the transition state B‐TS, the atomic charges for C1 and C2 are −0.75 and +0.25 a.u., respectively, while in the transition state B‐TS′, C2 and C1 have atomic charges of −0.47 and +0.22 a.u., respectively. Thus, the alkyl group is prone to migrate to C2 in B‐TS as it is more electrophilic than C1 in B‐TS′, and at the same time, C1 in B‐TS is considerably more nucleophilic than C2 in B‐TS′ and thus easier to bind to the nickel center.

![a) DFT‐computed energy profiles for the migratory insertion and concerted protonation--demetallation steps. Free energies in solution (in kcal mol^−1^) calculated at SMD(acetonitrile)‐M06/Def2‐TZVPP//PBE/Def2‐TZVP(Ni)/Def2‐SVP (other atoms) Selected optimized geometries are shown. Bond lengths in Å. b) Energy barrier for migratory insertion with different regioselectivities and the ADCH atomic charges of carbon atoms C1 and C2 at the transition states.](ANIE-59-5738-g004){#anie201914061-fig-5004}

Conclusion {#anie201914061-sec-0003}
==========

In conclusion, the hydroalkylation and arylalkylation of alkynes presented herein is an efficient approach for the synthesis of a series of highly valuable disubstituted and trisubstituted alkenes via photoredox/nickel dual catalysis which takes place under mild reaction conditions. Both protocols possess a broad substrate scope including complex starting materials and good functional‐group tolerance. Notably, the reactions take place efficiently, with excellent regioselectivity and moderate‐to‐excellent stereoselectivity (*syn*‐addition manner). Steady‐state and time‐resolved fluorescence‐spectroscopy measurements were conducted, confirming the dynamic quenching between the photocatalyst and deprotonated amino acid. Additionally, DFT calculations as well as wavefunction analysis were performed to reveal the regioselectivity of the migratory insertion step. Owing to the broad substrate scope and successful scale‐up, these protocols should find application in the synthesis of highly valuable disubstituted and trisubstituted alkenes.
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